Objective: To estimate the association between school attendance, school dropout, and risk of incident HIV and herpes simplex virus type 2 (HSV-2) infection among young women.
The effect of school attendance and school dropout on incident HIV and HSV-2 among young women in rural South Africa enrolled in HPTN 068 In rural South Africa, the prevalence of HIV is 16% among young women aged 15 to 24 compared to 3% among young men [1] . Estimates of the prevalence of HSV-2 in this population are higher than HIV and show a similar differential by sex; 29% among young women and 10% among young men aged 15-26 [2] . Increased education may prevent HIVand HSV-2. Higher levels of education have been associated with a reduced prevalence [3] [4] [5] and incidence [6, 7] of HIV in several countries in subSaharan Africa with the largest decreases occurring in younger, more educated women. In Botswana, each additional year of secondary schooling resulted in an 8.1% reduction in the cumulative risk of HIV infection overall and 11.6% in women [6] . However, all prior studies linking level of education to HIVand HSV-2 have been among adults who have completed their education. Few studies directly examine the relationship between school attendance and HIV infection among adolescents of school age despite current HIV prevention polices to keep girls in school [8] .
Highest level of education completed, or educational attainment, is a measure of cumulative exposure to education over one's lifetime and encompasses life skills and knowledge gained as well as other factors that occur across the life course that are linked to education such as increased socioeconomic status (SES) [9] . Interventions to keep girls in school will not only increase educational attainment, but will more immediately influence factors related to being in a school environment that also affect sexually transmitted infections (STI) acquisition, such as sexual networks and having less time to engage in sexual activity [9] . The impact of school attendance among young women is often not studied as an independent factor from educational attainment. Distinguishing these parameters may provide additional insight into how structured time in school versus cumulative gains in knowledge influence risk of infection.
Although there is evidence that attending school reduces prevalent HIV and HSV-2 infection among young women, there is neither longitudinal evidence nor incident analysis to support this relationship [10] [11] [12] [13] [14] . Our study uses longitudinal data from a randomized controlled trial of young women in South Africa to assess the effect of school attendance and school dropout on incident HIV and HSV-2. We hypothesize that young women who stay in school and attend more days of school will have a lower risk of incident HIV and HSV-2 infection compared with young women who attend less school days or who dropout.
Methods
We used longitudinal data from the HIV Prevention Trials Network (HPTN) 068 study, a phase III randomized trial to determine whether providing cash transfers, conditional on school attendance, reduces young women's risk of HIV acquisition [15, 16] . The study enrolled 2533 young women aged 13-20 years who were attending high school grades 8-11 in the Bushbuckridge subdistrict in Mpumalanga province, South Africa. The study setting is rural with poor infrastructure and is characterized by high levels of poverty, unemployment, and migration for work [15, 17, 18] . In 2007, the percentage in each village under the poverty line ranged from 15 to 81% [19] . Young women have almost universal access to primary education but the quality of education is poor and progress is often delayed [18] . Almost all villages in the study area have a high school. The most common reason for school dropout is being pregnant or having a child and the most common reason for low attendance is being sick or disabled followed by having to help at home [Stoner et al., forthcoming].
The original HPTN 068 study excluded young women who were pregnant or married at baseline or had no parent/guardian in the household. Young women who dropped out of school during the study period were not removed from the study. Our analysis further excluded young women without a follow-up HIV test after baseline and those with prevalent HIV infection at baseline so as to examine incident HIV. We then further excluded prevalent HSV-2 cases or those without a follow-up HSV-2 test from our HIV cohort for the incident HSV-2 outcome.
Young women were seen annually from baseline until study completion or graduation from high school. Each annual study visit included an audio computer-assisted self-interview with the young woman and her parent/ guardian and HIV and HSV-2 testing for young women who were not positive at the previous visit. Up to four assessments of the young women and her parent/guardian were conducted from 2011 to 2015. An additional HIV and HSV-2 test was done around the time of the young woman's graduation for young women who missed a visit or graduated during the study. The median time from the previous visit to the additional test was 5 months (interquartile range: 4, 6). Young women aged over the study period with the highest age at the last survey being 23 years.
Information on the exposures of school attendance and dropout was collected directly from high school attendance registers. School attendance was defined as the average percentage of days attended in February, May, and August between follow-up visits. February, May, and August were the months used to define dropout and attendance because these months were reported to be the most representative of normal attendance (because of lack of holidays/examinations) and data were collected for all young women during these months. Attendance was dichotomized as high (!80% of school days on average between surveys) versus low (<80% of school days) as the original cash transfer study provided the intervention based on this cut off [15] . The original intervention did not have an impact on incident infection or school attendance [15] . Young women who dropped out of school between surveys were defined as attending 0% of school days. The exposure of school dropout was defined as a report of dropout during any month between surveys. Dropout was time varying where young women were allowed to dropout during one year and return another. Incident HIVand incident HSV-2 infection were defined as detection of a new case of infection in a young woman previously testing negative. More information about diagnostic testing procedures is available elsewhere [15] .
Statistical methods
To estimate the effect of school attendance on time to detection of both HIV and HSV-2, we used inverse probability of exposure weighted survival curves and a marginal structural Cox model [20, 21] . We compared incidence of HIV and HSV-2 between those with high and low attendance using risk ratios, risk differences, and hazard ratios. We then compared incidence of HIV and HSV-2 between those who had dropped out in the previous period and those remaining in school using hazard ratios.
In these analyses, each young woman was followed from the date of her first negative HIV/HSV-2 test at enrollment until date of detection of infection, or date of censoring if she moved, was lost to follow-up, graduated, or reached the end of the study period. Young women who were lost to follow-up or died prior to completion of follow-up were censored as of their last valid test. We used the exposure and covariate values from the follow-up visit prior to outcome ascertainment to ensure that the outcome most likely occurred following exposure. When data were missing at a given visit, covariate data from the most recent observed value were carried forward. Most follow-up visits occurred between 6 to 18 months apart (median 12.3 months).
We first calculated crude risk of incident HIV and HSV-2 infection for young women with high versus low attendance using the extended Nelson-Aalen estimator of the survival function [22] . We then estimated the risk that all participants had high attendance and that all participants had low attendance throughout the study period using inverse probability of exposure weights (IPW) [23, 24] . We used IPW to account for time-varying confounders and to produce weighted cumulative incidence curves that could be used to calculate risks, risk differences, and risk ratios while accounting for timevarying shifts in the number of young women attending school over the study period [25] .
We used these curves to calculate the risk ratio and risk difference of incident HIVand HSV-2 infection by school attendance at each year of follow-up (at 1.5, 2.5, and 3.5 years to capture later study visits and to account for the extra graduation visit). To capture the relationship between school attendance and the outcomes of interest, we additionally estimated a hazard ratio using a weighted Cox proportional hazards model. To estimate the association between school dropout and HIV/HSV-2, we estimated a weighted hazard ratio alone and did not produce weighted curves.
We used a directed acyclic graph to identify a minimally sufficient adjustment set of both time fixed and timevarying covariates. These covariates were used to calculate the weights for school attendance and dropout, which were used in both the weighted cumulative incidence curves and marginal structural Cox models. Confounders for incident HIVand HSV-2 included timevarying age at each visit, intervention arm, follow-up visit number, prior parental monitoring, prior partner age, prior pregnancy, prior attendance, and prior SES. Parental monitoring was constructed using a previously validated six item measure assessing perceived parental monitoring [26] . We also included prior HSV-2 status for the HIVoutcome and prior HIV for the HSV-2 outcome. Additional covariates that were considered but not included in the final model included alcohol use, orphan status, school, children's depression inventory score [27, 28] , and revised children's manifest anxiety score [29] . We accounted for confounders in the minimally sufficient adjustment set using stabilized IPW [30] . Each young woman's IPW W i at time t was the inverse of the probability of receiving the exposure that she did in fact receive, conditional on the vector L including confounders above,
The denominator of the IPWs were calculated using a pooled logistic regression model for each exposure including all confounders [21, 31] . Numerator weights were estimated using a pooled logistic regression model for each exposure without covariates [30] . To adjust for potentially informative censoring, we multiplied our IPW by time-varying inverse probability of censoring weights. Censoring weights included the exposure as a predictor to account for loss to follow-up by exposure status. Pooled logistic regression models analogous to the previous IPW were used to estimate the numerator and denominator of censoring weights and weights were multiplied over time [20, 21, 32] .
Confidence intervals for risk ratios and risk differences were calculated using the standard deviation from a bootstrap calculated from 200 full samples (with replacement) from the observed data [33, 34] . Confidence intervals around the hazard ratios were created using the robust sandwich variance estimator [32] . The exact method was used to account for tied data and the proportional hazards assumption was evaluated by testing a product term between each exposure and time.
Results
Of the 2533 young women included in the parent study, 81 were excluded because they were HIV-positive at baseline and 124 were excluded because they did not have a follow-up test visit after baseline. Therefore, a total of 2328 young women were included in our analysis cohort for the outcome of incident HIV infection. From the 2328 young women in the HIV cohort, we further excluded 87 prevalent cases of HSV-2 at baseline and three who were missing HSV-2 status for a total of 2238 young women in the incident HSV-2 cohort.
Of the 2328 young women who were HIV-negative at baseline, 6.9%, (N ¼ 161) ever dropped out between enrollment and the end of the study period. Of 6297 person visits over the study period, young women had low school attendance (<80% school days) at 5.4% (N ¼ 341) of visits. The median age at baseline was 15 years with 25.9% (N ¼ 603) reporting ever having had sex (Table 1) Over the study period, 107 incident HIV cases occurred among the 2328 young women in the HIV cohort, and 208 incident HSV-2 cases occurred among the 2238 young women in the HSV-2 cohort. Risk of both HIV and HSV-2 was higher for young women with low (<80%) versus high attendance (!80%) in school ( Figs. 1  and 2 ). After accounting for confounding, risk of incident HIV at the end of the study period was 7.6% for young women with high attendance versus 19.9% in young women with low attendance (Table 2) . Risk of incident HSV-2 at the end of the study period was higher than HIV at 17.3% for young women with high attendance versus 38.5% in young women with low attendance, weighting for confounders.
The difference in cumulative incidence of HIV between those with low versus high attendance increased over time from 3.9% (95% CI: À0.9%, 8.7%) at 1.5 years to 12.3% (95% CI: 0.3%, 24.3%) at 3.5 years ( Table 2 ). The difference in cumulative incidence of HSV-2 between those with low versus high attendance was greater than HIV and also increased over time from 5.6% (95% CI: 0.4%, 10.8%) at 1.5 years to 21.2% (95% CI: 3.6%, 38.8%) at 3.5 years.
After accounting for confounders, young women with low attendance (<80%) were more likely to develop HIV (HR: 2.97; 95% CI: 1.62, 5.45) and HSV-2 (HR: 2.47; 95% CI: 1.46, 4.17) over the entire follow-up period than young women with high attendance (!80%) (Table 3) . Similarly, young women who dropped out of school had a higher weighted hazard of both HIV (HR: 3.25 95% CI: 1.67, 6.32) and HSV-2 (HR: 2.70; 95% CI: 1.59, 4.59) ( Table 3 ). The effect of dropout was slightly greater than the effect of low versus high attendance in school on both incident HIV and HSV-2.
Discussion
Risk of HIV and HSV-2 increased over the study period and was higher in young women with low compared with high attendance in school. After accounting for confounding, the cumulative incidence of HIV at 3.5 years was 7.6% for young women with high attendance versus 19.9% in young women with low attendance. The cumulative incidence of HSV-2 at 3.5 years was higher than HIV at 17.3% for young women with high attendance versus 38.5% in young women with low attendance. The weighted hazard of HIV and HSV-2 was greater for young women who attended less school compared with more school, and who dropped out compared with those who stayed in school.
Our results are compatible with previous research showing a reduced risk of sexually transmitted infections in young people attending school. Three studies, one in South Africa [10] and two in Zimbabwe [13, 35] found that young women not attending school had three or more times the odds of HIV or HSV-2 infection compared with those who were attending school. More recently, a cash transfer intervention aimed at keeping girls in school in Malawi lowered prevalence of HSV-2 and HIV [36] . In the cash transfer study (HPTN 068) from which these data originate, the cash transfer intervention to keep girls in school did not have an effect on school attendance or HIV incidence, but overall
Schooling and risk of HIV/HSV-2 Stoner et al. 2131 attendance was high in the study population because of multiple factors [15] . Interventions to keep girls in school and to increase the frequency at which young women attend school could prevent HIV and HSV-2 but more research is needed to determine the best way to do so in varying contexts.
Prior studies have largely focused on the relationship between increased level of education or educational attainment and risk of HIV and HSV-2 among adults in sub-Saharan Africa [5] [6] [7] 9, [37] [38] [39] [40] [41] . Our results show that frequency of time spent in school among young women of high school age also has an effect on incident HIV and HSV-2. The effect of dropout on both HIV and HSV-2 was larger than the effect of low versus high attendance.
As dropout is an extreme of low attendance, the larger effect demonstrates that the less time a girl spends in school the further her risk is increased. Associations with frequency of school attendance in young women indicate that spending more time in school may impose time and sexual network constraints that reduce exposure to infection, and that these reductions may or may not be related to school performance. More research is needed to better understand the mechanism by which education reduces risk of HIV and HSV-2, but other analyses from our study in South Africa indicate that school attendance In the HPTN 068 study, HIV and HSV-2 were measured at each follow-up visit roughly a year apart. Although the specific date of infection is unknown, we are certain that the infection occurred within the year between visits. It is possible that infection occurred while school attendance was higher or lower within this interval or before dropout. This could have lead to issues of reverse causality. However, HIV and HSV-2 testing do not occur regularly enough in the community that it would be common for young women to know their status and then dropout of school. It is more likely for young women to dropout and then have an infection that is identified through participation in the study or later testing. Additionally, a sensitivity analysis using time of infection two visits later (i.e. attendance between baseline and visit 1 with time of infection at visit 2) yielded a similar association between attendance/dropout and risk of infection. Last, although acute infection could lead to sick days (low attendance), a greater number of studies have explored schooling as an exposure leading to infection rather than vice versa [10] [11] [12] [13] .
All young women were in school at study enrollment, which may make our results less generalizable to young women who were not enrolled but later returned to school, or those who were not accessing school for any other reasons. In addition, there may also have been a Hawthorne effect of the trial where young women were less likely to dropout because of trial participation [42] . Second, information on sexual behaviors and partner characteristics were self-reported in the study and may have been misreported. To minimize reporting bias, interviews were conducted in a private setting using audio computer-assisted self-interview [43] . Third, our analysis assumes no unmeasured confounding, which is a strong assumption that may not be valid. However, we did include key potential confounders based on the literature, including pregnancy, age, and SES. We also considered other confounders including school, mental health status, alcohol use, and orphanhood that were not included in the final set of confounders and did not substantially alter estimates. Sexual or physical violence were not considered because detailed information was only collected for young women who were sexually active.
Interventions to increase frequency of school attendance and prevent dropout should be promoted to reduce risk of infection. The reduced risk of infection may be because of the time and network constraints imposed by being in a school environment in addition to gains in formal education, but more research is needed to understand the mechanisms for the relationship. Additionally, more research is needed to understand the best way to prevent dropout and low attendance in different settings. Our study adds to the literature by using longitudinal data to examine incident infection in relation to the frequency of time that young women spend in a school environment instead of educational attainment in women who have completed their education. Staying in school and attending more school days are associated with a reduced risk of incident HIV and HSV-2. 069683/Z/02/Z; 085477/Z/08/Z; 085477/B/08/Z). Additionally, we would like to thank William C. Miller for his substantial contributions to the manuscript conception. All authors contributed to drafting and editing the manuscript, interpretation of the data, approved the final version and are accountable for all aspects of the work. A.P., J.K.E., A.E.A., and C.T.H. contributed to the conception and design of the analysis. The remaining authors were involved in data acquisition, data collection, study management, and design of the original parent study. Additionally, J.W., J.K.E., and J.P.H. contributed to the analysis of data. 
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